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We study the hierarchy of the coefficients in the 1/N C expansion for the negative parity L = 1 



j> ■ excited baryons from the perspective of the constituent quark model. This is related to the problem 

\& , of determining the spin-flavor structure of the quark interaction. The most general two-body scalar 

On 

interaction between quarks contains the spin-flavor structures tft^, *i ' ^2 and si • s^iftf- We show 
that in the limit of a zero range interaction all these structures are matched onto the same hadronic 

o : 

mass operator S%, which gives a possible explanation for the dominance of this operator in the 1/N C 
expansion for the L = 1 states and implies that in this limit it is impossible to distinguish between 

X' 

these different spin-flavor structures. Modeling a finite range interaction through the exchange of 
a vector and pseudoscalar meson, we propose a test for the spin-flavor dependence of the quark 
forces. For the scalar part of the quark interaction we find that both pion exchange and gluon 
exchange are compatible with data. 



I. INTRODUCTION 

The application of the 1/N C expansion to the excited baryons sector has produced a 
number of interesting results, see Refs. |l| for a recent review. Baryon properties like masses 
or axial couplings can be expanded in a systematic way using an explicit representation of 
operators acting on quark degrees of freedom [2| [3( [4| [5J. Working to order 0(1/N C ), there 
are two 0(N®) and eight (9(l/iV c )_operators in the expansion of the mass operator of the 
nonstrange L = 1 excited baryons |6| . In this paper we will be concerned with the observed 
pattern of the coefficients of the various operators in the 1/N C expansion when applied to 
the study of these negative parity excited states. 

The most prominent feature of the coefficients c, is the dominance of the 0(1/N C ) operator 
jfSc, which is also confirmed by extending the analysis to flavor S77(3), including all the 
members of the 70-plet [71 [sj. The coefficients of the 0(N°) and of the other 0(1/N C ) 
operators are smaller than expected by 1/N C power counting alone, as their natural size is 
set by the coefficient of the unit operator and is of the order of ~ 500 MeV. The dominance 



E 



of the S"l operator has been explained in Ref. [6] by assuming dominance of a pion-mediated 
interaction among constituent quarks. 

In this paper we propose another explanation for this hierarchy of the coefficients: the 
short range of the quark interaction in the constituent quark model. We show that in 
the limit of a contact interaction any scalar quark interaction, regardless of its spin-flavor 
structure, is matched onto the single operator S^. This implies the surprising conclusion 
that, within the scalar interactions, it is impossible to distinguish between quark interactions 
with different spin-flavor structures, such as the o ne-g luon exchange model (OGE) [9] [lOj 



and the Goldstone boson exchange model (GBE) llj, as long as these interactions are of 
very short range. 

On the other hand, a more complex spatial dependence of the quark forces will introduce 
two other operators £"T c a and s\ ■ S c . Their strengths depend on the range of the interaction 
[7| and are sensitive to the spin-flavor structure. Modeling the quark interaction as mediated 
by the exchange of a meson of mass /i we discuss the consequences of a finite range given by 
1/yU and propose the sign of the ratio of two coefficients as a test for the spin-flavor structure 
of the interaction. We finally use the wave functions of the Isgur-Karl model [12] with a 
harmonic oscillator potential to compute this ratio and constrain the mass scale \x. 



The paper is organized as follows. In Sec. [IT] we discuss the matching of the three possible 
spin-flavor structures to the effective operator expansion and point out that in the case of a 
zero range interaction only one operator dominates. In Sec. IIHI we discuss the finite range 
correction and propose a test for the spin-flavor structure of the interaction. In Sec. IIVI we 
perform a model calculation of the orbital reduced matrix elements. In Sec. |V]we summarize 
and present our conclusions. 

II. ZERO RANGE SCALAR QUARK INTERACTIONS 

The most general quark Hamiltonian containing only two-body interactions has the form 
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H qq = H + Y^Ui(faW + MW ■ sj + h(^Wt ■ ?fi) + H >-» + H, > (!) 

i<j 

where r^ — f£ — fj is the distance between quarks i, j and H is the part of the quark 
Hamiltonian which does not depend on the quarks spin and flavor degrees of freedom. We 
show explicitly only the part of the Hamiltonian which transforms as a scalar {£. = 0) under 
50(3), the group of orbital rotations - the scalar part of the quark Hamiltonian. The 
H s _ , H q denote the spin-orbit and the quadrupole interaction, which transform as a vector 
(£ = 1) and a traceless and symmetric tensor of rank two (£ = 2) under 50(3), respectively. 
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TABLE I: The projection of the most general scalar quark interaction onto irreducible representa- 
tions of S3 allows to express the corresponding reduced matrix elements as matrix elements of the 
operators listed in the second and third column. They are shown again in the last column written in 
terms of 0\, 2 , O3 defined in the text, up to terms proportional to the unit operator. The quadratic 
Casimir of the fundamental representation of the flavor group SU(F) is C 2 (F) = (F 2 — 1)/(2F). 



We will consider in this Section the case of a contact scalar interaction 

f u (f l ,) = A u 6^(r i] ), u = 1,2,3, (2) 

and study the following question: what information can be obtained from the coefficients C& 
of the 1/N C studies of the spectrum of L = 1 negative parity baryons? The motivation for 
this investigation is related to the question of distinguishing between different models of the 
quark interaction. The two main models considered in the literature are: i) the one-gluon 
exchange model (OGE) [9|[l0| , and ii) the Goldstone-boson exchange model (GBE) [11]. 
In this paper we will consider a wider class of models, corresponding to the most general 
two-body interaction with arbitrary spin-flavor structure. 

Our analysis will be completely general, and will not make any assumptions about the 
orbital wave functions of these states. We will use the method described in Ref. [14| for 
obtaining predictions in the quark model by exploiting the transformation properties of the 
states and interaction Hamiltonian under Sjy, the permutation group of the iV quarks. The 
application of the S3 symmetry in this context was also considered in Ref. [15|. In particular, 
this allows one to match any quark Hamiltonian onto the operators of the 1/N C expansion. 
The mass operator in the 1/N C expansion has also been compared with the predictions of a 



particular quark model in Refs. lg, ll7| using a different approach. We give in the following 
a brief summary of the results of Ref. 14J that will be used in this work. 
Consider a general two-body quark Hamiltonian of the form 

ff« = EE/"fa) S°> ( 3 ) 



i<j v 
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where 0\-' act only on the spin-flavor degrees of freedom of the quarks i,j, and f v {fi 



act only on their orbital degrees of freedom. The index v runs over all distinct spin-flavor 
structures. Using the transformation properties of the states and operators under Sn, the 
permutation group of iV objects, it has been shown in Ref. [14J that the mass operator 
corresponding to the Hamiltonian H qq has for N c = 3 the general form 

M = \ E { R s ] °s ] + RtisO^s) , (4) 

v 

where Og, 0^ IS (Rg , R^ IS ) are the reduced matrix elements of the projections of the spin- 
flavor operators 0\j (orbital operators f v (Uj)) onto the S, MS irreps of S^. For an explicit 
example see Ref. [18 |. 



Table d lists all possible scalar two-body spin-flavor operators Oij and their projections 
onto irreducible representations of S3. The projections can be all expressed in terms of the 
three operators 
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Ch 



S c , O3 — s*i ■ S c 



(5) 



such that the quark Hamiltonian H qq is matched onto the hadronic mass operator 



M = col + C1T 2 + c 2 S 2 c + c 3 si • S c + 



(6) 



The ellipses denote terms arising from the tensor and spin-orbit interactions, which are not 
considered here [311 ] . The operators 0{ in Eq. (jSJ) have been introduced in the context of 
the 1/N C expansion for the negative L = 1 baryons in Ref. [6], where the matrix elements of 
these operators on the relevant states have been computed. Although we use the notation 
of this paper, in the present discussion we will have N c = 3 throughout. 

The reduced matrix elements of the scalar orbital operators are defined in terms of the 
matrix elements of f v (f 12) taken between a basis of orbital wave functions ^2,3 transforming 
in the MS irreducible representation of S3 



(Xi\fu(r 12 )\Xj) = g 



2(4^ + Rtts) 
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The basis ^2,3 is defined by its transformation properties under S3 given in Eqs. (6)- (8) of 
Ref. |14j, and is normalized according to (Xi\Xj) = 1 + 8ij- 

The coefficients of the operators appearing in the scalar part of the mass operator Eq. ((6]) 
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(9) 



where the index v = 1,2,3 corresponds to the three possible 2-body operators O 

j.aj.a J g» «*+ a ? f a 



M 



Taking the index v = 2 corresponds to the OGE model, and v = 3 to the GBE model. 
We note the following relations for the coefficients q, already pointed out in Ref. (l3j, which 
hold irrespective of the orbital dependence of the interactions 



OGE : Cl = , 
GBE: c 1 = ^c 3 . 



(10) 
(11) 



The numerical values of the reduced matrix elements Rs, Rms depend on the detailed 
form of the hadronic wave functions, and of the spatial functions /(r^). It has been shown 



in Ref. [18| that in the case of a contact interaction /(?%) ~ S^(fij), the symmetric and 



mixed symmetric reduced matrix elements Rs, Rms are related as 



Rs 



R 



MS 



(12) 



We recall briefly the proof of this relation, which follows from the formula (X2 1/(^*12)1x2) = 
§(-Rs + Rms) > see Eq. (J7J). The basis of MS states X2,3 is defined such that P12X2 = _ X2, 
which implies that \2 is antisymmetric under an exchange of the quarks 1,2, and thus it 
vanishes for r 12 = 0. This implies that for a contact interaction f(r 12) ~ ^ (^12) > "the 
relation Eq. f|T2|) holds among the two reduced matrix elements Rs, Rms- 

Using the relation Eq. (!T2|) we find that the coefficients 0^2,3 are given, in the limit of a 
contact scalar interaction, by 
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(13) 



Very surprisingly, all three possible zero range two-body interactions O 



M 



j-a-ia t» 



Sj,Sitf ■ Sjt a - are matched onto the same operator 2 = S% in the effective theory! This 
means that there is no way to distinguish between these three types of scalar interactions if 
they are contact interactions. 

Experimentally, at N c = 3 one can determine only two linear combinations of the three 
coefficients 01,2,3 (as functions of 6m) [ISl] from the mass spectrum and mixing angles of the 
negative parity L = 1 baryons, which can be taken as 

1 



c\ 



C\ 



; c 3 



c 2 = c 2 + c 3 . 



(14) 



This choice corresponds to eliminate the operator O3 = si ■ S c using the exact relation 
T 2 - 2S 2 C + 2si • S c = 5c l with 5c = -§ for F = 2 and 5c = for F = 3, that holds on 
the physical states [32] . 

The coefficients ci j2 can be expressed in terms of the nonstrange hadron masses and 
mixing angles as 



ex = _(_JV(1535) sin 2 N1 - iV(1650) cos 2 9 N1 - 2iV(1520) sin 2 N3 
18 

- 2iV(1700) cos 2 9 N3 - 3N 5/2 + 2A 1/2 + 4A 3/2 ) , 

c 2 = -((A^(1535)-2iV(1650))sin 2 e 7V1 + (A^(1650)-2A^(1535))cos 2 ^i 
6 



(15) 



(16) 



+ (2JV(1520) - 4iV(1700)) sin 2 9 N3 + (2JV(1700) - 4iV(1520)) cos 2 9 m + 3N 5/2 ) . 



The mixing angles 6ni,N3 are related by the correlation 

-(iV(1535) + JV(1650)) + -(JV(1535) - iV(1650))(3cos2# Jvl + sin20 m ) 

--(M1520) + JV(1700)) + (JV(1520) - iV(1700))(-- cos2^ 3 + J- sm26 m ) 
5 5 V 2 

= -2A 1/2 + 2A 3/2 - -N 5/2 . 



(17) 



Eqs.f fT5lfT6lfT7l) hold in the most general constituent quark model containing only two-body 
quark interactions [13 ]. 

Using Eqs. ( 1H1I91) . the observable coefficients ci ;2 for the most general scalar interaction 
are given by 

1 



c l - q( R S + R MS) 
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(19) 



In the limit of a zero range scalar interaction, using the relation Eq. ( 1121) . this gives 



ci = ci - -c 3 = 



c 2 = c 2 + c 3 = -i4 < 



3 

2 

3 

2 

3 3_ 

'8 4F 



(20) 
(21) 



TAB 
Ref. 



A 1/2 (1535) iV 1/2 (1650) iV 3/2 (1520) A 3/2 (1700) iV 5/2 (1675) A 1/2 (1620) A 3/2 (1700) 
1535 ±10 1658 ±13 1520 ± 5 1700 ± 50 1675 ± 5 1630 ± 30 1710 ± 40 

E II: The experimental masses (in MeV) of the L = 1 non-strange excited baryons from 



m. 



We observe that, regardless of the spin- flavor structure of the scalar operator, the coeffi- 
cient c\ = c\ — |c 3 vanishes in the limit of a contact interaction. 

We discuss next the extraction of Ci j2 from data and examine how well is this suppression 
for c\ satisfied. 

One first estimate can be made using the mixing angles 6ni,N3 determined from a fit 
to N* strong decays and photoproduction data (Onions) = (0.39 ± 0.11,2.82 ± 0.11) = 



(22° ± 6°, 162° ± 6°) [19|, [2(j. Substituting these values into Eqs. flU]), (OH), and using the 



hadron masses from the PDG 21( given in Table HT1 we obtain 



ci = 3.9 ±11.0 MeV, (22) 

c 2 = 129 ± 18 MeV . 

This shows that indeed c\ is suppressed relative to c 2 . 

An alternative determination of these coefficients can be made using only the excited 



baryon masses, as discussed in Ref. |l3j. In this paper it was shown that in any quark 
model containing only two-body quark interactions, the mixing angles are correlated (up to 
a discrete ambiguity) by Eq. ( TT7|) and by a second relation (Eq. (6) in Ref. [l3j ) expressing 
the spin-average of the SU(3) singlet states A = |Ai/ 2 ± §A 3 / 2 in terms of the nonstrange 
states. Allowing for a conservative SU(3) breaking correction of 100 ±30 MeV in the relation 
for A, we show in Fig. [T]the scatter plots for ci i2 which impose the correlation Eq. f|T7|) (all 
points), and also the relation for A, satisfied on the dark shaded area (green points). The 
preferred solution is given by the solid line, which overlaps with the dark shaded area (green 
points). 

We note that there is good agreement between the allowed values of the coefficients ci j2 
in the scatter plots and the results in Eq. (122]) . which are shown as the black point with 
error bars on the plot. Both these computations confirm the suppression of the coefficient 
Ci relative to its natural size. The nonvanishing of C\ can be related to a smearing out of the 
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FIG. 1: The coefficients c\^i (in MeV) as a function of the mixing angle Qn\ as given by Eqs. (J15I) . 
(|16p. (|17p . The black points with error bars show the values in Eq. (|22p . The dark points (green) 
of the scatter plots give the values allowed by imposing the A constraint as explained in the text. 
The solid and dashed lines correspond to the central values of the masses. 

contact interaction. This is examined in the next Section, where it is also found that the 
sign of the ratio C1/C2 can provide information on the spin- flavor structure of the interaction. 



III. FINITE RANGE SCALAR QUARK INTERACTIONS 

In the general case of a finite range interaction, the orbital reduced matrix elements 
Rs and Rms are independent. According to Eq. (|T5|) the coefficient c.\ will be in general 
nonvanishing, and proportional to the combination of the reduced matrix elements Rs+Rms- 
The ratio of ci/c 2 for the different spin-flavor structures can be expressed in terms of the 
ratio of reduced matrix elements 



r{ u) + R {u) 



MS 
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(23) 



We start by considering the case when the quark Hamiltonian contains a single spin-flavor 



)(") 



structure O^ . For the pure OGE interaction 0\, = Si ■ Sj the ratio of coefficients Ci/c 2 is 



(2) 



predicted to be 



— 
c 2 



2 r 2 



31 + r 2 



(24) 



)(3) 



For the GBE interaction 0\, = Si'Sjtftj with two light quark flavors F = 2, the coefficient 
c.\ is predicted to be exactly zero, independently of the spatial form of the quark interaction. 
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FIG. 2: Scatter plot for the ratio of coefficients ci/c 2 as a function of the mixing angle 9nx- The 
dark (green) points are favored by all data on the hadronic masses and overlap with the solid line 
that corresponds to the preferred solution of the correlation Eq. (|17|) . The black point with error 
bars shows the values of the coefficients quoted in Eq. ([3T]) . 
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With three light quark flavors F = 3, we have 



C\ 2 r 3 

5~ 2 lstst(F=3) = 3 5^7 3 - (25) 

Finally, for the isospin interaction O^ = tftp the ratio Ci/c 2 is 

c 2 3 1 — n 

We will illustrate the effect of a finite range quark interaction by taking the spatial 
dependence of the interaction to be 

/(f 4 ,) = A(^)(r1,)-/i 2 ^), (27) 

with A a couplin g co nstant. Such an orbital dependence is generated by the exchange of a 



meson of mass /x [llj . see Ref. [22J for a detailed derivation. 

Adopting the functional form Eq. ( 1271) . we will assume that the contribution of the second 
term of 0(/x 2 ) to Rs — Rms is always smaller than that of the first term. This is always sat- 
isfied if |0(r)| 2 < |0(O) | 2 , where <fi(f) is defined by the squared wave function integrated over 
one of its arguments |0(r*i2)| 2 = f dri 3 \§(ri 2 ,ri 3 )\ 2 . Under this assumption, the contribution 
of the second term to any reduced matrix element is given by 

/ P -i*r r P -w 

d 3 r\m\ 2 j^<^\H0)\ 2 J d 3 r— = |0(O)| 2 (28) 

and is thus smaller than the contribution of the first term. (In this example the quark 
interaction was taken between the quarks 1, 2.) This proves that Rs—Rms is always positive. 
Taking into account that the contribution to Rs + Rms of the first term in Eq. ( |27l) vanishes, 
it is easy to see that Rs + Rms is negative and therefore the ratio of reduced matrix elements 
r = (R 3 + R M s)/(Rs ~ Rms) is negative. 

The information about the sign of the ratio of reduced matrix elements r v < is suffi- 
ciently predictive to distinguish between the models considered above, through the sign of 
the ratio of the coefficients C1/C2, as shown in Table HTT1 We denoted here with OGE M the 
vector meson exchange model corresponding to a vector meson or a constituent gluon with 
mass /x; the limit /x = corresponds to the usual one-gluon exchange (OGE) model. 

The natural size of the ratio c\jc.i is of order 0(N®). Its very small value (see solid 
line in Fig. |2]) cannot be explained by power counting in 1/N C and must have a dynamical 
origin. We find that it is suppressed for pion exchange interactions in general (chiral limit 

11 
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sgn(ci/c 2 ) 


OGE M 
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OGE 





GBE (F = 2) 





GBE {F = 3) 
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Oij=W» 
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TABLE III: The sign of the ratio of coefficients C1/C2 as a test for the spin-flavor structure of the 
scalar quark interaction. 

or physical pion mass), as C\ = from the spin-flavor structure alone. In the case of gluon 
exchange interactions, its smallness is related to the spatial extent of the interaction (and 
not related to its spin-flavor structure as in the previous case). In the case of a contact 
spin-spin interaction C\ = and the ratio vanishes, but otherwise this ratio is different from 
zero. 

We comment on the argument presented in Ref . [6| for the dominance of the operator S 2 in 
the mass operator, and compare it with our conclusions. As mentioned in the Introduction, 
in this paper it was argued that the dominance of the S 2 operator follows by assuming one 
pion exchange. This follows from the observation that one particular linear combination of 
operators is equivalent to the unit operator (taking its matrix element on the nonstrange 
states), up to corrections of 0(1/N C ) 

T 2 - S 2 C + 2s, ■ S c = - l -l + 0(1/N C ) . (29) 

This identity allows one to eliminate one of the three scalar operators. Choosing to eliminate 
3 = s*i ■ S c , the scalar part of the mass operator reads 

M = c l + ciOi + c 2 2 + c 3 3 = c l + ( Cl - ^c 3 )T 2 + (c 2 + ^c 3 )S 2 c + 0(l/N 2 ) . (30) 

For the pion exchange interaction (both contact and finite range) we find c\ — \c 3 = 0, which 
confirms the result of Ref. |6( of dominance of 5*^ in the large N c limit. In our approach, at 
N c = 3, the dominance of S 2 is exact for pion exchange or any contact interaction. 

Using the numerical values of the coefficients Cj from Eq. (122]) . the value of the ratio is 

c x /c 2 = 0.03 ± 0.09 . (31) 

12 



An alternative determination using only hadron masses is shown in Fig. [21 The solid line is 
the preferred solution 13] and gives a range of values compatible with the first determination 
(shown in Fig. [5] as the black point with error bars). The central value is positive and clearly 
suppressed with respect to its natural size (D(N®) for any value of the mixing angle #/vi- Its 
sign favors a pure vector boson exchange model OGE M with a non-vanishing vector meson 
mass //. However, within the errors, negative values or a vanishing ratio are also allowed, 
such that it is difficult to draw a clear conclusion. A more precise determination of the 
mixing angles and hadron masses may sharpen this determination and allow one to fix the 
sign of the ratio. 

We comment briefly on the massive vector boson exchange model OGE M , which produces 
a positive ratio C\jc 2 . This corresponds to a massive gluon model, previously considered 



in the literature in Refs. 



23 



3|-|27|. In these works it has been suggested that, in the low 
energy limit, an effective gluon mass can be generated by nonperturbative QCD effects. In 
principle an effective gluon mass can be observed through its effect on the low energy limit 
of quark forces in the constituent quark model. In the next Section we perform a crude 
model calculation to give an estimate of the range of allowed values for the effective gluon 
mass /i. 

The analysis presented above was limited to the spin-flavor structure of the scalar quark 
interaction. In the spin-orbit sector, it has been pointed out in Ref. |13j that the flavor 
dependent interactions (si ± Sj)tj£* are needed in order to reproduce the observed mass 
spectrum. Also in the tensor sector, flavor dependent operators are needed [71, |8J in order to 
produce a non-zero coefficient of the operator ~ -^-L % 2 3 g ia G^. Allowing for a mixture of all 



possible interactions v = 1, 2, 3 with strengths A v 



#=E^E(? (3) (^)-^ 
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we get the following general results for the operator coefficients 
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(33) 
(34) 



No simple conclusions about the relative contributions of the different spin-flavor interactions 
can be drawn in the most general case. For example, assuming a mixture of the OGE and 
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GBE (F = 2) interactions (A\ = 0), it is possible to arrange positive values for c\^ by taking 
^2,3 > and A2 sufficiently large relative to A3 that the second term in 61,2 dominates over 
the third one. It is interesting to notice that in the case of the simultaneous presence of 
a massless one gluon exchange interaction (r 2 = 0) and a finite range one pion exchange 
interaction the coefficient C\ vanishes independently of their relative strengths. 

IV. ISGUR-KARL MODEL CALCULATION 

The finite range effects can be taken into account in a quantitative way by adopting 
a specific choice for the hadronic model. For illustration we consider the Isgur-Karl (IK) 



model 12] , which has been widely used for describing the properties of the excited baryons. 



The matching of this model to the effective operator expansion has also been discussed in 



detail recently in Ref. 18]. 



The IK model describes three constituent quarks interacting by harmonic oscillator po- 
tentials 

1 Kj 

This Hamiltonian can be solved by introducing the reduced coordinates 

p=—(f 1 -f 2 ), X = — =(f 1 +f 2 -2f 3 ). (36) 

Expressed in terms of A, p, the Hamiltonian Eq. (|35|) has the form of two independent 3- 
dimensional oscillators 

Ho = A + A + l K( ? + 3 KA 2 (37) 

2m 2m 2 ^ 2 v ; 

The eigenstates with orbital angular momentum L = l,m = +1 are 

4 -, 

-(pi + ^ 2 )^exp(--a 2 (p 2 + A 2 )), (38) 

-(Ai + *A 2 )-^ exp ( - i« V + A 2 )) . (39) 



m=+l 

n 

..,4 



m=+l n0 



where a = (3Km 



,V4 



The parameters of the model are 



m = m u = m d = 420 MeV , a = 467 MeV , a s = 0.95 . (40) 
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The reduced matrix elements Rs, Rms are given by the matrix elements 

(^ A |/(ri 2 )|^ A ) = \{R S -Rms), 
^ p \f\r l2 )\^ p ) = \{Rs + RMs). 



(41) 
(42) 



The combination of reduced matrix elements Rs — Rms was computed in Ref. [18[ (see 
Eq. (52)) in the limit of a contact interaction \x = 0. Using the spatial dependence of f(r 12) 
given in Eq. ( ]2"T|) one finds the complete result for /j, ^ 

3a 3 



Rs — Rms - 
where the function <3>_(x) is given by 

<J>_(x) = 1 - x 2 



A 



(2tt) 3 / 2 ~V 



2nx i N(-x)e2 x 



(43) 



(44) 



and is positive for x > 0, which confirms that the contribution of the finite range term in 
(\]/ A |/(r 12 )|\]/ A ) i s never larger than that of the contact term. 

The function N(x) is the cumulative normal distribution function, which is related to the 
erf(x) function, and is defined as 



N(x) 



1 + erf ( 



— ) 
V2 J 



dy 



-y 2 /2 



(45) 



In a similar way one can compute also the combination of reduced matrix elements 
Rs + Rms which vanishes in the limit of a contact interaction. We obtain 



Rs + R 



MS 



-A^Lzj^ 



'(2tt) 3 / 2 



a 



where the function $+(x) is given by 

$+(x) = 1 + -x 2 



-xN(-x)ei x (3 + x 2 ) 



(46) 



(47) 



and is positive for x > 0. 

The asymptotic behavior of the functions $±(x) at small and large values of the argument 
x is 



$ + (x) 

$_(a?) 

$+(.x) 
$_(a?) 



l-lJlx + 2x 2 + 0(x 3 ) 



1-./-+ J-x 3 + 0(x 4 ), 



:r J 



x- 



30 

.r 6 
15 



x' 1 



0(x 
0(x 



-8\ 



X < 1 
X < 1 

X > 1 

X > 1. 



(48) 

(49) 
(50) 
(51) 
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The unknown constant A cancels out in the ratio of reduced matrix elements r, which 

depends only on the ratio fi/a 

R s + Rms _ 2(fiy $ + (»/a) 
Rs-Rms 3 W $-(/V«)' 
We show in Fig. [3] a plot of the ratio r as a function of fi/a. The ratio r vanishes in the limit 

x = of a massless exchanged particle, while for an infinitely heavy mass it approaches a 

finite limit r^, = — |. 

Using these results we can obtain constraints on the mass jjl of the exchanged boson. We 

quote results separately for the negative and positive ranges of the ratio 5i/c2, corresponding 

to the tft°j and OGE M models [33|, respectively. From Eq. ( 122]) one finds 

ci = f [-0.06,0.00], n= [-0.10,0.00], 

£ 2 I [0.00,0.12], r 2 = [-0.15,0.00]. 

Using Eq. (152]) this can be translated into ranges of allowed values for the boson mass fi, 
namely 






OGE, 



0.0 < - < 0.58 
a 

0.0 < - < 0.82 

a 



(54) 



Using for the mass scale a the typical value of the Isgur-Karl model given in Eq. PU|) . we 
obtain for the mass of the vector boson which can reproduce the observed data the allowed 



V 


\ ' i ' i ' i 


0.2 


A 


0.4 


A 


0.6 


- ^-__________ 




i,i,i, 







10 

fi/a 



15 



20 



FIG. 3: The ratio of reduced matrix elements r = (Rs + Rms)/(Rs ~ Rms) as a function of the 
ratio fi/a in the IK model, as given by Eq. (|52D , 
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range \x = [0, 383] MeV. This is much smaller than the lowest bound for a constituent gluon 



mass m g ~ 800 MeV suggested by lattice calculations of hybrid meson masses 29] and the 



glueball spectrum J30j. The use of the Isgur-Karl model and its parameters is a very crude 
first attempt to give an estimate of \x in the OGE^ case. It would be worthwhile to improve 
on this to see if it is possible to obtain a better estimate of /i that is compatible with the 
bounds obtained from lattice calculations, as well as an interpretation of the other possible 
spin-flavor interactions as the result of quark exchange or meson exchange interactions. 

V. SUMMARY AND CONCLUSIONS 

The hierarchy of the observed coefficients in the 1/N C expansion for the L = 1 excited 
baryons has a very specific pattern, with one of the subleading 0(1/N C ) operator S^ dom- 
inating, and the coefficients of the other operators suppressed. In this paper we present a 
possible explanation for the dominance of the S% operator in the framework of the constituent 
quark model. 

Considering the most general two-body quark interaction, we show that a contact quark 
interaction leads to the suppression of certain coefficients in the 1/N C operator expansion. 
Furthermore, any spin-flavor zero range two-body quark interaction is matched onto the 
same operator S%. Intuitively, this can be understood from the fact that the excited and 
core quarks are in a relative p-wave, and thus the coefficients of t a T°: and s ■ S r vanish if 

d 

the spatial part of the interaction is a S^(r) function [7]. This result implies that it is 
impossible to distinguish between different models of quark interactions as long as they are 
of zero range. 

Allowing for a quark interaction of finite range, modeled by the exchange of a particle of 
mass /i, we study the question of obtaining information about the spin-flavor structure of 
the scalar part of the quark interaction from the mass spectrum of the negative parity L = 1 
excited baryons. Under the assumption that only one spin-flavor structure dominates, we 
find that the sign of the ratio C1/C2, that can be obtained from the experimental masses and 
mixing angles, can be used as a test of the spin-flavor structure of the interaction. 

The central value we obtain for this ratio corresponds to a spin-spin interaction with 
the exchange of a massive vector boson. Using the wave functions of the Isgur-Karl model, 
the mass of the exchanged vector meson is in the range \x ~ [0,400] MeV, which is much 
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smaller than the lowest bound for the mass of a constituent gluon, as suggested by lattice 
calculations of hybrid meson masses [29| and glueballs [30| . This seems to disfavor this 
type of interaction. The present study shows that within error bars and allowing for two 
scalar spin-flavor structures, the one (massless) gluon exchange and the one pion exchange 
interactions lead to c.\ = independently of their relative strengths, and are consistent with 
data. Previous studies 7J, |8_|, |l3( that did not focus on the range of the microscopic interaction 
also include the spin-orbit and tensor terms, and suggest that both gluon exchange and 
flavor dependent interactions are needed to reproduce the data. Allowing for a more general 
combination of spin-flavor structures and finite range forces, no useful information on their 
contribution is obtained from the present analysis in the absence of additional dynamical 
information about their relative strength. 
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